Dispositional anxiety is a well-established risk factor for the development of anxiety and other emotional disorders. These disorders are common, debilitating, and challenging to treat, pointing to the need to understand the more elementary neurocognitive mechanisms that confer elevated risk. Importantly, many of the maladaptive behaviors characteristic of anxiety, such as worry, occur when threat is absent. This raises the possibility that worry reflects difficulties gating threat-related information from working memory-a limited capacity workspace that supports the maintenance, recall, and manipulation of information-and facilitates goal-directed thoughts and actions. Here, we tested, for the first time, whether trait-like individual differences in worry, a key facet of the anxious phenotype, reflect difficulties gating threat and neutral-related distracters from working memory. Results indicated that both dispositional worry and anxiety individually predicted the combined filtering cost of threat and neutral distracters. Importantly, worry was associated with inefficient filtering of threat-related, but not neutral, distracters from working memory. In contrast, dispositional anxiety was related to a similar level of threat and neutral filtering cost. Furthermore, dispositional anxiety's relationship to filtering of threat was predominantly driven by differences in worry. These results suggest that the propensity to worry is characterized by a failure to gate task-irrelevant threat from working memory. These results provide a framework for understanding the mechanisms underlying chronic worry and, more broadly, the cognitive architecture of dispositional anxiety.
importance of worry, the basic cognitive mechanisms underlying this transdiagnostic marker are unclear. Existing therapeutic strategies for anxiety and other emotional disorders are inconsistently effective or associated with significant adverse effects (Bystritsky, 2006) , highlighting the importance of understanding worry's neurocognitive underpinnings.
Like anxiety more generally, worry occurs in the absence of clear and imminent threat; it represents the myriad anxious "What if . . ." mental representations of [past and] possible future events that are common in daily life (Borkovec, 1985) . From a cognitive neuroscience perspective, these features suggest that worry may reflect difficulties gating threat-related information from working memory. Working memory is the "blackboard of the mind" (Goldman-Rakic, 1996, p. 13473) , a limited-capacity workspace that supports the maintenance, recall, and manipulation of information (Baddeley, 2012) . These internal representations of task sets and other kinds of goals play a central role in maintaining goal-directed cognition when sources of potential distraction are encountered (Miller & Cohen, 2001 ). Once threat-related information enters working memory, it can continue to bias attention, information processing (e.g., memory retrieval), and action after it is no longer present in the external environment, promoting worry and its adverse downstream consequences.
Here, we tested, for the first time, whether trait-like individual differences in worry reflect difficulties gating threat-related distracters from working memory. Building on prior work focused on trait anxiety (Stout, Shackman, & Larson, 2013) , we used an emotional variant of the well-established change detection working memory task (Vogel, McCollough, & Machizawa, 2005) . Subjects were instructed to selectively retain one or more emotional faces while ignoring others. Faces were either threat-related (i.e., fearful; Whalen, 1998) or emotionally neutral. This procedure allowed us to quantify the cost of distracter filtering, defined here as the impact of distracter processing on the storage of task-relevant targets. Critically, it also enabled us to test whether individuals characterized by higher levels of worry, measured using the Penn State Worry Questionnaire (PSWQ; Meyer, Miller, Metzger, & Borkovec, 1990) , are less efficient at gating threat-related distracters from working memory. To assess whether these relations are specific to worry, we performed additional analyses using the State-Trait Anxiety Inventory (STAI; Spielberger, Gorsuch, Lushene, Vagg, & Jacobs, 1983 ), a broadband measure of dispositional anxiety. In particular, we used factor analytic techniques to decompose the STAI into worry and nonworry components, and then examined whether gating deficits predominantly reflect the worry component of the anxious phenotype.
Method Participants
Fifty-eight participants (44 women) from the University of Wisconsin-Milwaukee completed this study (mean age ϭ 20.2 years, SD ϭ 2.45). Participants provided informed consent and were compensated with course extra credit or $10 per hour. Data from seven participants were removed from further analysis because of missing data (n ϭ 4) or chance performance (n ϭ 3).
Anxiety and Mood Measures
In addition to the PSWQ and STAI, individual differences in depression (Beck Depression Inventory; BDI; Beck, Steer, Ball, & Ranieri, 1996) were assessed to enable us to test the specificity of worry-related effects. Mean (SD) scores were PSWQ ϭ 43.3 (16.0), STAI ϭ 37.6 (9.7), and BDI ϭ 8.1 (7.6). As expected, these measures were strongly correlated, rs Ͼ .63, p Ͻ .001.
Task and Procedures
A lateralized change detection working memory task, adapted from prior event-related potential (ERP) research by our group (Stout et al., 2013) and others (Sessa, Luria, Gotler, Jolicoeur, & Dell'Acqua, 2011) , enabled us to estimate the number of threatrelated and emotionally neutral faces stored in working memory (see Figure 1 ). Face stimuli were selected from the MacBrain Face Stimulus Set (http://www.macbrain.org/faces) and Ekman and Friesen's (1976) set. This design enabled direct comparison with prior ERP research (e.g., Stout et al., 2013) .
To assess the influence of distracter face expression and individual differences in worry on the efficiency of gating task-irrelevant faces from working memory, the task included conditions in which threatrelated distracters (1 Neutral Target and 1 Fear Distracter [NT1FD1]), neutral distracters (1 Neutral Target and 1 Neutral Distracter [NT1ND1]), or a single neutral target (1 Neutral Target [NT1]) were present. These conditions allowed us to calculate "filtering cost" scores for each expression. To confirm that our behavioral measures were sensitive to the number of faces held in working memory, the task also included conditions in which set size was varied and only task-relevant targets were presented (see the online supplemental material for these results). Subjects completed 20 practice trials and 40 experimental trials per condition (five blocks).
Hypothesis Testing (Filtering Cost)
Prior to hypothesis testing, a focused ANOVA incorporating the NT1FD1, NT1ND1, and NT1 conditions was used to assess whether threat-related and emotionally neutral distracters similarly degrade working memory capacity. Working memory capacity (K) was estimated as
, where S is set size (i.e., the number of target faces), H is hit rate, and FA is the false alarm rate (Pashler, 1988) .
To test whether individuals with higher levels of worry fail to govern threat's access to working memory, an index of "filtering cost" was computed separately for the threat and neutral distracter conditions. We also computed a general filtering cost score by averaging the threat and neutral filtering cost scores. Prior work indicates that such behavioral indices of filtering cost are related to ERP measures (i.e., contralateral delay activity) that are sensitive to the unnecessary storage of distracters in working memory (Fukuda & Vogel, 2009) . Filtering cost for threat-related distracters was calculated as the difference in working memory capacity (K) between trials in which a neutral target was paired with a fear distracter (NT1FD1) and trials in which a single neutral target was presented (NT1). A larger This document is copyrighted by the American Psychological Association or one of its allied publishers.
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filtering cost indicates greater degradation of working memory capacity (i.e., for the task-relevant neutral face) in the face of competition from a task-irrelevant threat-related distracter (for similar applications, see Lee et al., 2010) . Filtering cost for emotionally neutral distracters was computed using trials in which a neutral target was paired with a neutral distracter (NT1ND1). Data were rank-transformed to correct nonGaussian distribution of the residuals (cf. Weng et al., 2013) . Examinations of the z scores revealed that all of the ranktransformed cases were Ͻ2 standard deviations from the mean. Scatterplots were visually inspected for outliers using Scatterize (http://webtasks.keck.waisman.wisc.edu/scatterize). A secondary aim of this study was to assess whether filtering of threat-related distracters predominantly reflects the worry component of the more complex, multidimensional anxious phenotype. To examine this, we identified subfactors from a factor analysis on the STAI (see online supplemental material). This allowed us to separate and test the unique influence of the worry versus nonworry subcomponents of dispositional anxiety by running separate regressions predicting threat filtering cost for worry and nonworry anxiety.
Results

Distracters Degrade Working Memory Capacity
As shown in Figure 2A , an omnibus analysis indicated that working memory capacity was altered in the face of distraction, F(2, 50) ϭ 28.1, p Ͻ .001, ç p 2 ϭ .36. Planned contrasts confirmed that both threat-related, t(50) ϭ 6.65, p Ͻ .001, and emotionally neutral distracters, t(50) ϭ 5.95, p Ͻ .001, degraded working memory capacity for the task-relevant target, without significantly differing from one another, t(50) ϭ 1.76, p ϭ .09.
Worry Predicts Increased Filtering Cost in the Face of Threat-Related Distracters
Individuals characterized by heightened worry showed a larger general filtering cost in the presence of distracters, r s (51) ϭ .34, p ϭ .02. After dissecting general filtering cost into separate expression-specific filtering cost scores, we found that relations between worry and the filtering cost were specific to threat, r s (51) ϭ .37, p ϭ .008. This association remained significant after Figure 1 . Working memory task. Rows depict conditions from the change detection task (top row, NT1; middle row, NT1ND1; bottom row, NT1FD1). The trial sequence began with a fixation cross (500 ms). Next, attention was directed to the to-be-remembered hemifield with arrow cues (200 ms). After a brief interstimulus interval (200 to 400 ms), a bilateral display of two or four faces was briefly presented (250 ms). Participants were instructed to attend to one or two target faces in the cued hemifield, which were outlined with red (or yellow) borders and ignore distracter faces outlined in yellow (or red). Colors selected for targets and distracters were counterbalanced. After a delay interval (900 ms) representing the maintenance period of working memory, a whole-display probe was presented (until response) in which participants were asked to identify whether the target face changed identity (equiprobable). On change trials, the identity of the target face changed while the expression (i.e., fearful or neutral) did not. Portions of this figure were reprinted by permission from Macmillan Publishers, Ltd., Nature Reviews Neuroscience (Houdé & Tzourio-Mazoyer, 2003; Peelen & Downing, 2007) , and adapted from a figure originally published in Stout et al. (2013) . See the online article for the color version of this figure.
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controlling for filtering cost in the presence of emotionally neutral distracters, pr s (49) ϭ .31, p ϭ .03; nuisance variation in overall working memory capacity, mean-centered age, and sex (ps Ͻ .01); as well as self-reported depression, pr s (49) ϭ .29, p ϭ .04; and was not significant for emotionally neutral distracters, r s (51) ϭ .21, p ϭ .14. We next examined the contribution of depression on the relationship between worry and general filtering cost because of the overlapping nature of depression and anxiety (Nitschke, Heller, Imig, McDonald, & Miller, 2001 
Relations Between Trait Anxiety and Threat Filtering Predominantly Reflect Worry
Anxious individuals tend to allocate excessive working memory storage to task-irrelevant information (Qi, Ding, & Li, 2014; Stout et al., 2013) . Consistent with this, higher levels of trait anxiety were associated with increased general filtering costs, r s (51) ϭ .34, p ϭ .02. Filtering cost was quantitatively stronger in the face of threat-related distracters, r s (51) ϭ .32, p ϭ .02 (neutral distracters, r s [51] ϭ .26, p ϭ .07). However, after controlling for neutralfiltering cost, the relationship between trait anxiety and threat filtering cost was no longer significant (pr s ϭ .24, p ϭ .09).
Next, we assessed whether the association between trait anxiety and threat filtering predominantly reflects the influence of worry. This would be consistent with evidence that the STAI is a complex, multidimensional measure that reflects dissociable individual differences in negative emotionality, depression/fatigue, and worry (Bieling, Antony, & Swinson, 1998; Kelly, 2004; Nitschke et al., 2001) . As a first test, we computed the partial correlation between the STAI and filtering cost while controlling for variation in worry, indexed by the PSWQ. In this case, trait anxiety no longer predicted the cost of general filtering, pr s (48) ϭ .17, p ϭ .24, or threat-filtering, pr s (48) ϭ .13, p ϭ .39.
As a second test, we decomposed the STAI into worry-related and non-worry-related components, and separately assessed their relations with distracter filtering costs. To define the two components, a factor analysis was performed using data from an independent sample of individuals who had completed the STAI (see the online supplemental material). Consistent with prior work in a smaller sample (Kelly, 2004) , this identified a subset of items that clearly mapped onto the worry component of trait anxiety (e.g., "I worry too much over something that really doesn't matter"), allowing us to define separate STAI-Worry and STAI-Nonworry scales in the primary sample. As expected, the STAI-Worry scale was correlated with the PSWQ, r s ϭ .67, p Ͻ .001. Like the PSWQ, STAI-Worry predicted general filtering cost, r s (51) ϭ .32, p ϭ .02, and the cost of filtering threat-related distracters, r s (51) ϭ .36, p ϭ .01, but not the cost of filtering emotionally neutral distracters, r s (51) ϭ .20, p ϭ .17.
The STAI-Nonworry scale was significantly related to general filtering cost, r s (51) ϭ .32, p ϭ .02. In contrast to STAI-Worry, STAI-Nonworry did not significantly predict the cost of filtering threat, r s (51) ϭ .25, p ϭ .08, but did predict the cost of filtering neutral distracters, r s (51) ϭ .28, p ϭ .05.
Discussion
These results provide compelling evidence that the propensity to worry is associated with difficulty gating threat distracters from working memory. This was not evident for neutral distracters and could not be explained by individual differences in age, sex, depressive symptoms, or maximum working memory capacity. Furthermore, although high levels of trait anxiety also predicted threat-gating deficits, this appears to predominantly reflect the worry component of trait anxiety. In contrast, the nonworry component was associated with deficits filtering neutral distracters. These findings provide convergent evidence that the worry component of the anxious phenotype reflects aberrant control over the contents of working memory for threat-related information, whereas the nonworry facets appear to be more closely related to 1 Recent research suggest that elevated depressive symptoms are associated with poor working memory filtering (Owens, Koster, & Derakshan, 2012 , 2013 Stout & Rokke, 2010) . In our sample, the BDI did not contribute to the relationship between dispositional anxiety (Trait Anxiety, STAI-Worry, and STAI-Nonworry) and either general or expressionspecific filtering cost scores (prs Ͻ .23, ps Ͼ .10). (NT1ND1), and neutral target and threat distracter (NT1FD1) conditions. Asterisks represent significant pairwise mean differences (p Ͻ .05). Error bars reflect the probability that the null hypothesis was rejected by chance (p Ͻ .05; nonoverlapping error bars; see Shackman, McMenamin, Maxwell, Greischar, & Davidson, 2010 , for discussion of this method for calculating error bars). (B) Spearman's (rho) correlation (two-tailed) between rank transformed threat filtering cost (NT1 -NT1FD1) and dispositional worry using the PSWQ (rank transformed). This document is copyrighted by the American Psychological Association or one of its allied publishers.
previously documented anxiety-related inhibitory deficits for neutral stimuli (Berggren & Derakshan, 2013; Bishop, 2007) . Worry is a central feature in neurocognitive theories of anxiety (Eysenck & Derakshan, 2011) . On the basis of the current results and prior work by our group (Stout et al., 2013) , we propose that the propensity to worry is associated with difficulties governing threat's access to working memory. If irrelevant threat-related information unnecessarily enters working memory, the distressing thoughts and memories characteristic of worry and pathological anxiety are likely to be mentally rehearsed and compete with goal-related thoughts and actions. Coupled with research suggesting that dispositional and clinically anxious individuals identify worry as a coping strategy (Barlow, 2004; Newman et al., 2013) , threat-related information is likely to be given priority in working memory-enabling a state of worry that is sustained long after the threat is no longer present in the immediate environment. According to the attentional control theory of anxiety (Eysenck & Derakshan, 2011; Eysenck, Derakshan, Santos, & Calvo, 2007) , this state of worry, in turn, causes the working memory and attentional deficits characteristic of the anxious phenotype.
Dispositional worry and anxiety are important risk factors for the development of anxiety disorders as well as comorbid depression and substance abuse (Barlow et al., 2014; Kotov et al., 2010) . The present study provides compelling evidence that trait-like individual differences in worry are associated with difficulty gating threat-related distracters from working memory, the capacitylimited workspace underlying goal-directed thoughts and behavior. Once in working memory, threat-related information is well positioned to bias the stream of information processing when it is no longer present in the external environment, promoting worry and other maladaptive cognitions that contribute to functional impairment (Thiruchselvam, Hajcak, & Gross, 2012) . From a translational perspective, these findings provide a framework for understanding the cognitive mechanisms underlying elevated worry and set the stage for research aimed at delineating the underlying neural circuitry. A key challenge will be to more fully dissect the influence of worry from other features of the anxious phenotype, such as negative emotionality and behavioral inhibition, that can influence working memory (Robinson, Vytal, Cornwell, & Grillon, 2013; Shackman et al., 2006) . From the perspective of basic psychological science, our results also provide new insights into the cognitive architecture of stable individual differences in anxiety, a core facet of personality and temperament (Caspi, Roberts, & Shiner, 2005) . 
SUPPLMENTAL MATERIAL FOR
Results for Storage of Threat Targets
To confirm that our behavioral measures were sensitive to the number of faces held in working memory, the task also included conditions in which only task-relevant targets were presented, and set-size and face expression were varied (i.e., 1 Neutral Target Individual differences in worry and trait anxiety were unrelated to variation in neutral and threat target capacity (rank-transformed average K scores for neutral and threat targets respectively), ps > .05. In contrast, dispositional worry and anxiety were significantly related to difficulty filtering faces when task-irrelevant (i.e., distracters), particularly if threat-related (see Figure S2 ).
Factor Analysis
Before we could examine the worry component of trait anxiety in our study, we first had to establish that a worry factor could be extracted from the STAI. To do this, we used an existing data set from a second sample of 539 ( and Avoidance (1-item). See Table S1 for the factor loadings.
To examine the unique contribution of the STAI factor scales to dispositional worry (i.e., PSWQ), a stepwise multiple regression analysis was completed using PSWQ total scores as the dependent variable and the four STAI subscales as predictors (Kelly, 2004) . Worry was entered at step one and accounted for 47.1% of the variance in PSWQ scores (t = 6.6, p < .001). On the second step, we entered the remaining three scales simultaneously. This revealed that inclusion of these scales added a non-significant 2.3% of the variance explained in PSWQ responses, In the experimental dataset, we applied these factors to the sample by creating a STAIWorry scale using the six items identified from the factor analysis. We created a STAINonworry scale by summing the remaining three factors (Negative Emotionality + Fatigue + Avoidance). 
